Adherence to oral medications during maintenance therapy is essential for pediatric patients with acute lymphoblastic leukemia. Self-reported or electronic monitoring of adherence indicate suboptimal adherence, particularly among particular sociodemographic groups. This study used medication refill records to examine adherence among a national sample of pediatric patients with acute lymphoblastic leukemia. Patients in a national claims database, aged 0 to 21 years with a diagnosis of acute lymphoblastic leukemia and in the maintenance phase of treatment, were included. Medication possession ratios were used as measures of adherence. Overall adherence and adherence by sociodemographic groups were examined. Adherence rates were 85% for 6-mercaptopurine and 81% for methotrexate. Adherence was poorer among patients 12 years and older. Oral medication adherence rates were suboptimal and similar to or lower than previously documented rates using other methods of assessing adherence. Refill records offer a promising avenue for monitoring adherence. Additional work to identify groups most at-risk for poor adherence is needed. Nurses are well positioned to routinely monitor for medication adherence and to collaborate with the multidisciplinary team to address barriers to adherence.
Introduction
Acute lymphoblastic leukemia (ALL) is the most common childhood cancer and accounts for approximately 75% of leukemias among children and adolescents (American Cancer Society, 2016a , 2016c Ward, DeSantis, Robbins, Kohler, & Jemal, 2014) . Because of advances in therapy, the 5-year survival rate for pediatric patients with ALL is greater than 85% (American Cancer Society, 2016b) . Adequate adherence to maintenance therapy, including daily oral 6-mercaptopurine (6-MP) and weekly methotrexate (MTX), is essential to maintaining remission in this population (Bhatia et al., 2014) . Findings from prior studies suggest that rates of nonadherence to medications among pediatric cancer patients can range from 27% to 98% (Butow et al., 2010; Ruddy, Mayer, & Partridge, 2009 ). In addition, medication adherence may be particularly suboptimal among certain sociodemographic groups (eg, lowincome and Asian American, low maternal education and African American) and among adolescents and young adults (Bhatia et al., 2012; Bhatia et al., 2014; Butow et al., 2010; Kondryn, Edmondson, Hill, & Eden, 2011; Landier, 2011) .
Prior studies of maintenance therapy adherence among patients with ALL have relied on self-report or electronic monitoring of adherence (Bhatia et al., 2012; Bhatia et al., 2014; Butow et al., 2010) . Medication refill records are a surrogate measure of adherence that, like electronic monitoring, is more objective than patient or family self-report. With advances in electronic medical records and linkages to claims data, medication refill records provide a method of monitoring patients' adherence to medications over time (eg, via the medication possession ratio, which can be defined as the total number of days a patient was supplied medication divided by the total number of days observed). This could be useful to health care teams, including nurses, physicians, pharmacists, and psychosocial providers. For example, identification of suboptimal levels of adherence based on refill history could lead to targeted assessment and interventions focused on improving adherence (Lehmann et al., 2014; Parker, Moffet, Adams, & Karter, 2015) . However, it is important to note that all methods of adherence assessment have their strengths and weaknesses. For example, self-reported adherence is relatively easy to ascertain, but is typically an overestimate of adherence (Shi et al., 2010) . Electronic monitoring of adherence, such as via pill bottles that date and time stamp bottle openings, and drug assays may be more objective. However, electronic monitoring does not directly assess ingestion and assays are typically a more short-term measure (Rapoff, 2010) . Refill records are advantageous because they minimize the potential for patient or family reactivity to impact medication adherence; however, like other assessment methods, does not ensure that ingestion occurred. While medication adherence assessed via refill records has been examined in other patient populations (Ho et al., 2008; Lass & Reinehr, 2015; Vaidya, Gupte, & Balkrishnan, 2013) , it has not yet been examined among pediatric patients with ALL.
Purpose
The current study sought to describe overall levels of adherence to 6-MP and MTX during maintenance therapy using medication refill records (ie, medication possession ratio) in a national sample of pediatric patients (age 0-21 years) diagnosed with ALL. In addition, we explored potential differences in adherence based on patient demographic characteristics, including age, sex, race/ethnicity, and insurance payer.
Materials and Methods

Design
This study used a descriptive design.
Study Sample
The study sample included patients with ALL who had prescription medication claims included in the Medical Outcomes Research for Effectiveness and Economics (MORE 2 ) Registry. The MORE 2 Registry is a commercially available claims database that contains national, longitudinal, deidentified patient-level data from multiple commercial payers, including more than 150 million unique patients (Inovalon Inc., 2015 Eligible patients were those with an ICD-9 (International Classification of Diseases, Ninth Revision) diagnosis code corresponding to ALL, diagnosed between 2000 and 2015, diagnosed between the ages of 0 and 21 years, were prescribed 6-MP based on claims data, were in the maintenance phase of their ALL treatment, had a maintenance phase of 6-MP and MTX of at least 60 days (ensuring refill history) and were continuously enrolled in their health insurance plan during the maintenance phase. The maintenance phase was defined as the period between the first date of concomitant prescription of 6-MP and oral MTX to the last date of overlapping prescriptions for 6-MP and oral MTX plus the days supplied from last prescription.
Data Management and Analysis
For the current analysis, the following patient-level demographic data were abstracted: age, sex, race, ethnicity, and insurance payer. In addition, patient's maintenance phase length, number of days of medication supplied, and medication possession ratio were abstracted and calculated for both 6-MP and MTX. The medication possession ratio was used as the measure of adherence and was calculated as follows: [Sum of the number of days of the medication supplied]/[Days in maintenance phase] (Cramer et al., 2008; Steiner & Prochazka, 1997) . The medication possession ratio was not capped at 100%. This study was exempt from institutional review board review because of the deidentified nature of the database used.
Descriptive statistics (mean, standard deviation, frequencies, median) were calculated to describe participant demographic characteristics. Separate descriptive statistics (median, interquartile range, and range) for 6-MP and MTX were also calculated for patient's maintenance phase length, total days of medication supplied, and medication possession ratio (ie, adherence). Linear regression was used to examine the relationship between MTX adherence and 6-MP adherence. Next, linear regressions were conducted to examine potential differences in 6-MP and MTX adherence rates based on demographic characteristics. Separate linear regressions were conducted for each demographic predictor (age, sex, race, insurance payer). For age, we first examined age as a continuous predictor of adherence, and then also examined categories of ages as predictors of adherence (0-5 years old, 6-11 years old, 12-17 years old, 18-21 years old). Post hoc analyses (t tests) were conducted to describe differences in adherence between demographic groups. In addition, regressions using a least squares analysis were rerun for each demographic predictor, while adjusting for the other demographic factors. SAS JMP Pro v13 (SAS Institute Inc, Cary, NC) was used for all analyses.
Results
Nine hundred patients were included in the study sample. The average age of individuals included in the sample was 12.7 years (SD = 4.2 years), and the majority was male (61%). Other participant demographic characteristics are contained in Table 1 . Table 2 contains overall rates of adherence, as assessed by the medication possession ratio, to 6-MP and MTX (6-MP median possession ratio = 85%, MTX median possession ratio = 81%). MTX adherence was significantly correlated with 6-MP adherence: b = 0.58, t(898) = 24.5, P < .0001; R 2 = 0.40, F(1, 898) = 602.1, P < .0001.
Overall Adherence
Adherence Rates by Demographic Characteristics
Patient sex did not significantly predict medication adherence rates. However, age, race/ethnicity, and insurance payer did significantly predict adherence rates for at least 1 medication (Table 3 ) and these results were maintained when adjusting for other demographic factors (Table 4 ). In general, adherence rates decreased with age (see Figure 1 and Table 3 ). Post hoc analyses indicated that adherence to 6-MP and MTX was significantly higher among 0-to 5-year-olds when compared with 12-to 17-year-olds and 18-to 21-year-olds (P < .05, Supplementary Table available  online ). In addition, adherence was higher among 6-to 11-year-olds compared with 18-to 21-year-olds for 6-MP and compared with 12-to 17-year-olds for MTX (P < .05, individual t tests). Post hoc analyses for patients with recorded race/ethnicity revealed that those who were of other races or ethnicities (ie, any race/ethnicity other than White, Black/African American, Asian, Hispanic) had significantly higher adherence to both medications than patients who were White, Black/African American, Asian, or Hispanic (Ps ≤ .001, individual t tests, Supplementary  Table) .
Insurance payer was a significant predictor of adherence (Table 3) . Post hoc analyses indicated that for 6-MP, patients covered by the Children's Health Insurance Program (CHIP) had significantly lower adherence levels than patients with commercial (P = .0001) or Medicaid insurance (P = .0002). Patients with commercial insurance payers had significantly higher levels of adherence compared to those with Medicaid (P < .0001). For MTX, patients with commercial payers had significantly higher levels of adherence compared to those with CHIP (P = .003) and those with Medicaid (P = .0001). In addition, patients with Medicaid had significantly higher adherence than those with CHIP (P = .02).
Discussion
The current study examined maintenance therapy adherence among youth diagnosed with ALL using pharmacy refill data. We were also able to document adherence to both 6-MP and MTX. The findings indicated that adherence to maintenance therapy varies widely, and that specific sociodemographic groups may be at higher risk for poor medication adherence. The median 6-MP adherence rate identified in the current sample (85%) was similar to or slightly lower than adherence rates identified in prior studies using electronic monitoring methods (86%-91%) (Bhatia et al., 2012; Bhatia et al., 2014; Rohan et al., 2015) . The present findings highlight that certain sociodemographic groups may be at higher risk for lower levels of adherence to maintenance therapy for ALL. Consistent with prior studies (Bhatia et al., 2012; Butow et al., 2010; Kondryn et al., 2011; Lancaster, Lennard, & Lilleyman, 1997; Lennard, Welch, & Lilleyman, 1995) , older youth (ie, adolescents and young adults), demonstrated poorer medication adherence than younger patients. This may be due, in part, to the fact that, while parents tend to ensure medication administration for younger and preadolescent children, adolescents can take on more significant roles for medication taking or may increasingly share responsibility for medication taking with their parents (Landier, 2011; Palmer et al., 2004; Psihogios, Kolbuck, & Holmbeck, 2015; Wu et al., 2014) . As therapy continues, parents also may be less directly engaged in monitoring daily medication adherence among these older patients. Adolescents and young adults also may have certain characteristics that could hinder medication taking, including needing to achieve developmental milestones (eg, differentiating oneself from one's family of origin) that may be interrupted by the cancer experience, as well as having ongoing development of executive functioning or planning skills, a focus on the present instead of the future, and feelings of invincibility (Butow et al., 2010; Kondryn et al., 2011) . Adolescents and young adults across chronic illness conditions demonstrate lower levels of medication adherence than younger children and adults (Modi et al., 2012) . As is often typical of claims data (Adjaye-Gbewonyo, Bednarczyk, Davis, & Omer, 2014; High-Value Health Care Project, 2010; Weissman & Hasnain-Wynia, 2011) , race or ethnicity was "unknown" for a large proportion (59%) of our sample. Thus, our findings that patients of "other races" had higher levels of adherence compared with patients who were White, Hispanic, African American, and Asian should be interpreted with caution. Prior studies have documented lower adherence levels amongst pediatric patients with ALL who are African American compared with White patients, and also lower adherence among Hispanic patients compared with nonHispanic White patients (Bhatia et al., 2012; Bhatia et al., 2014) . Future studies using medication refill data will want to further explore racial/ethnic differences in adherence across these and other groups (eg, Native Americans). These data also suggest differences in adherence based on insurance payer even after adjustment for demographic factors. In particular, children with Medicaid and CHIP insurance may have lower levels of adherence. However, these results need to be confirmed in future studies with larger samples of children with these insurance types. Our findings also indicate that some participants may demonstrate "overadherence" (ie, medication possession ratios of greater than 100%). Future studies could further examine the nature of overadherence as indicated by refill records, for instance whether it correlates with ingestion of higher quantities of medication than prescribed, or other occurrences such as health care provider-recommended dosage changes.
Clinical Implications
As patients with ALL transition to the maintenance phase of therapy, they will likely have fewer encounters with the health care system. Patients and families also assume a greater responsibility for adherence to the treatment plan, particularly adherence to prescribed medications. A systematic approach to assessing adherence that includes the need for medication refills at each encounter can help identify issues contributing to nonadherence. Care of patients living at a distance from the specialty treatment center may be co-managed with local providers during maintenance therapy. Thus, partnering with these providers to routinely address treatment adherence may support improved adherence rates. Assessment of adherence should also ideally address patients' and families' barriers to adherence, which could range from forgetting to medication side effects experienced (Mancini et al., 2012; McGrady, Brown, & Pai, 2016) . Furthermore, because treatment for pediatric ALL occurs over several years, patients' developmental characteristics will likely change over the course of treatment. As such, strategies to support oral medication adherence may need to be adapted over time to meet each patient's developmental needs. Nurses who are aware of patient characteristics that are associated with suboptimal adherence could provide proactive support to promote adherence. Nurses are well suited to partner with other members of the interdisciplinary health care team, including social workers, child life specialists, and psychologists to address barriers to adherence and to implement individualized interventions to improve adherence.
Conclusion
Our findings provide several implications for medication adherence-focused assessment and intervention for patients with ALL, as well as for future research in this area. Because levels of adherence ranged widely and the average adherence level was less than optimal, the findings highlight the importance of routine adherence assessment as part of patient's clinical care. Medication refill records offer one potential avenue for flagging patients that could benefit from more detailed adherence assessments through other methods, such as clinical interview, electronic monitoring, or bio-assays.
Pediatric patients with ALL and their families could also benefit from adherence promotion interventions (Butow et al., 2010; Gupta & Bhatia, 2017; Landier, 2011) . Providing proactive support around medication adherence to patients and families, particularly adolescents and young adults, is especially important among patients with ALL given that lower adherence is tied to a higher risk of disease relapse (Bhatia et al., 2012; Bhatia et al., 2014) . Unfortunately, few medication adherence promotion interventions have been tested with pediatric patients with ALL and their families (Gupta & Bhatia, 2017; Kato, Cole, Bradlyn, & Pollock, 2008) . Future interventions tailored for this population could draw on existing evidence-based pediatric medication adherence promotion interventions (Pai & McGrady, 2014) , including ones that use medication refill records as a trigger for implementing interventions and that build on existing knowledge about reasons for nonadherence (Bender et al., 2015; Mancini et al., 2012) .
The findings of the current study should be interpreted within the context of several strengths and limitations. A strength of the current study included the use of national, patient-level data, which bypasses the logistical difficulties associated with electronic monitoring of adherence and potential overestimation of adherence based on patient-or parent-report (Lehmann et al., 2014; Rapoff, 2010) . However, some sociodemographic characteristics in the current study, such as race, were underreported (ie, "unknown race"), consistent with other claims data (Adjaye-Gbewonyo et al., 2014; High-Value Health Care Project, 2010; Weissman & Hasnain-Wynia, 2011) , and likely limited our ability to examine racial differences in medication adherence, particularly among African Americans and Asians. Medication refill data is not a direct indicator that medication was ingested (Lehmann et al., 2014) . Refill data also does not distinguish between noncompliance and gaps in therapy due to treatment complications (eg, neutropenia), or changes in therapy due to patient tolerance or other changing illness factors. However, of note, gaps in oral therapy for any reason have been associated with increased risk of relapse (Bhatia et al., 2014) . Furthermore, adherence could be overestimated if dosage changes recommended by health care providers result in new prescriptions before completion of prior ones and because the medication possession ratio does not account for medication in the patient's possession at the beginning of the analysis period. Future studies with pediatric patients with ALL that collect refill data in addition to other types of adherence data (eg, electronic monitoring) are needed in order to compare the accuracy of adherence assessment methods. In addition, future refill studies could include more children younger than 12 years (particularly those aged 2-5 years), who represent a sizable proportion of children diagnosed with ALL. Future work could also examine reasons for varied adherence levels between children who have different insurance payers, and explore other predictors of medication adherence (eg, social support, decision making), which could be essential to incorporate into adherence promotion interventions.
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